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(54) Proces for the preparation of a controlled release system 



(57) The present invention relates to a process for 
the preparation of a system having good controlled re- 
lease behaviour. It comprises two water-soluble poly- 
mers and a proteinaceous material. 



An aqueous two-phase system is formed, wherein 
the proteinaceous material is comprised in the dis- 
persed phase. The dispersed phase is cross linked. 
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Description 

[0001] This is a divisional application of EP-A-0 941 068 the contents thereof being incorporated by reference in the 

SS? Resent invention relates to a process for the preparation of a system having good controlled release 
behaviour, and to microspheres with a good controlled r^easa f phaima ceutically interesting 

diseases, e.g. cancer, and several types of viral, bactenal and paras.tal diseases. ^ grQup q| products wi| , be re . 

• ineonvenienttor patterns moutdn, 

these protein drugs. f n r noiiwrv svstems which have the capacity for sustained release. A number 

‘^Lrive in me aft, .mile synthetic biodegradable, rather wet, -denned polymet. are need 

S. adorn roo 

m^^^Xno“err,rpXiad«d «» », ** 

The polymers should preterabty de ^ra^ 

[0007] The hitherto known preparation chanqes in protein structure, esp. in the 

involve the use of organic solvents. Organic so ven s jnay protein drug. Since these structural 

secondary and tertiary structure. Such changes may ^ ^ side-effects, such changes 

— « o ' 9anic s ° KrenB s nM ,rom an env,,onme " ,a ' 
Both tMhniques have a nomber ot diaadvanmg.s other man 

(OOdd) Loading by egoitidration nomlly leads to a *. mlotospdem l 

me case, when me dntg is a maeromo.ecdla. ™y after JU»IM. lead to , durst 

rather large, the macromolecules will on y a o on r-nntainina the druq which phase is contacted with 

release in the human or animal system. Further, the solvent P^se containing the drng when P can 

the delivery system to load the delivery has to , be ^homogeneous drug distri- 

ssTiS: srrss sp> —r is n “ °“ irea 

,0015] A suitable loading process to, '"?»I»^rSrSS? , 1 SSr 22 ”g95). 145-146. Gehdte et al. haya 
[0016] In an article in Proceed. Intern. Symp. Control. Rel. Bioact. Mater., ££ >' 
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described a technique wherein loading levels higher than obtainable by solution sorption, hence higher than about 0.1 
wt.%. can be achieved in purified, pre-formed hydrogels. The loading technique is based on the fact that certain polymer 
mixtures split into separate phases when dissolved in water. Proteins dissolved in such a system distribute unevenly 
between the phases. This principle also holds when one of the polymer phases is a crosslinked gel. 

5 [0017] In particular, Gehrke et ai. describe a crosslinked dextran gel/poly (ethylene glycol) system, and a crosslinked 

hydroxypropylcellulose gel/poly(vinyl alcohol) system. Proteins present in an aqueous solution containing beads of the 
gel are, after the addition of the non-crosslinked second polymer, adsorbed on the beads and partly absorbed through 
meshes or pores in the bead surfaces. 

[0018] A disadvantage of this technique is that the proteinaceous material is to a major extent only adsorbed to the 
io beads, which means that if the phase containing the second polymer is replaced by another aqueous system a fast 
removal of the proteins from the beads is observed. Only when large amounts of pores having a diameter larger than 
the size of the proteinaceous material to be loaded are present in the bead surfaces, some absorption may occur. This 
adsorption and limited absorption behaviour has an undesirable effect on the release of the proteinaceous material 
from the beads. 

is [0019] To additionally illustrate the undesired release behaviour, it is noted that the profiles shown in the article are 
- from a pharmacological point of view - entirely unsuitable to be used in controlled release systems. Moreover, the 
gel beads are too large (cylinders with a diameter of t .5 mm) to be suitably used for administration in the human or 
animal body. 

[0020] In EP-A-0 213 303 a method for producing spherical polymer particles from systems containing two liquid 
20 aqueous phases is described. One of the two phases is dispersed in the form of droplets in the other phase to form 
an emulsion. Subsequently, the droplets are caused to solidify. In the phase to be dispersed, a macromolecular sub- 
stance may be dissolved. Further, low molecular substances such as medicaments, vaccines and insecticides can be 
chemically bonded to the particle forming substance in the dispersed phase. Nothing is being said about the release 
behaviour of the dissolved substance, nor over the application of the spherical polymer particles formed or the size 
25 thereof. 

[0021] The principle of affinity partitioning in PEG-containing two-phase systems is also known from Gote Johansson, 
Affinity Partitioning in PEG-containing Two-phase Systems In: Topics in Applied Chemistry; Polyethylene glycol) chem- 
istry, Biotechnological and Biomedical Applications : Ed. J.M. Harris, Plenum Press (1992). In this article, a two-phase 
system is described, which is created when an aqueous solution of dextran and polyethylene glycol (PEG) are mixed. 
30 A PEG enriched and a dextran enriched phase are formed. Proteins are partitioned unequally in such systems. These 
known systems are used in the purification of proteins. 

[0022] The present invention is aimed at providing a new injectable, patient friendly delivery system for protein drugs, 
which system is safe and biodegradable, and which system possesses well controllable delivery kinetics. The period 
wherein drug delivery should be guaranteed depends on the protein drug used, and varies between a number of days 
35 upto more than one year. In addition, high degrees of loading in the delivery system should be obtained. Moreover, 
the system of the present invention should be produced without needing the use of organic solvents. 

[0023] The problems mentioned above are solved by a specific preparation method of controlled release systems, 
such as microspheres, wherein water is used as the solvent. The use of water as sole solvent system is advantageous 
from an environmental point of view, because of toxicological considerations and, especially, because of reasons of 
40 protein stability. 

[0024] In a first aspect, the present invention relates to a process for the preparation of a controlled release system, 
comprising: 

(a) forming of an aqueous two-phase system from two water soluble polymers and at least one releasable com- 

45 pound, the two water soluble polymers being incompatible in solution, at least one of these polymers being 

crosslinkable, the crosslinkable polymer phase being emulsified in the other polymer phase; and the at least one 
releasable compound being soluble in the crosslinkable polymer phase in the aqueous solution; 

(b) allowing the releasable compound to dissolve or diffuse in the crosslinkable polymer phase; and 

(c) crosslinking of the crosslinkable polymer, wherein step (b) can be carried out before or after step (c) . 
so 

[0025] In a preferred embodiment, the crosslinking is carried out to such a degree that the pores (meshes) in the 
crosslinked structure eventually formed are substantially smaller than the size of the releasable compound. By emul- 
sifying an aqueous crosslinkable polymer in a continuous phase comprised of water and a polymer which is not com- 
patible with the crosslinkable polymer, and crosslinking the discontinuous phase, the particle size of the crosslinked 
55 polymer particles can be adjusted, while the particle size distribution can be narrow, as is described herein-below in 
more detail. 

[0026] Hence, in a further aspect, the present invention is directed to microspheres, at least 80 wt.% thereof having 
a particle size of between 1 00 nanometer and 1 00 pm, which microspheres are comprised of a degradable, crosslinked 
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polymer encapsulating at least one releasable compound, the pore size of the crosslinked polymer being equal or 
preferably smaller than the particle size of the releasable compound. These microspheres are obtainable by using the 
process of the invention, and are free from organic solvents. Dependent on the application of the microspheres, the 
size can e.g. be adjusted between 1 and 50 pm, preferably between 2 pm and 25 pm, such as between 5 and 15 pm. 
5 [0027] When the pore sizes or meshes of the crosslinked polymer are equal or smaller than the hydrodynamic di- 

ameter size of the releasable component, the releasable component is essentially released when the polymer is de- 
graded. More in particular, in this embodimentjhe crosslinked structure must be degradable in the human or animal 
body, so that the encapsulated releasable compound can leave the crosslinked matrix. If on the other hand, the pore 
sizes or meshes of the crosslinked polymer are larger than the size of the releasable component, the releasable com- 
ic ponent is at least partially released by diffusion. The pore size of the crosslinked product obtained by the process of 
the present invention in this way provides a perfect tool to control the release. Further, the efficiency of the incorporation 
of a releasable compound in such a polymer structure is very high, while the degree of loading can be adjusted up to 
the saturation concentration of the compound to be released. 

[0028] The degradability of the crosslinked structure can be regulated in a number of ways. As a first example, it is 
15 noted that bonds can be incorporated, which are hydrolysable under physiological conditions. In this respect, reference 
can be made to the European patent application 96201821 .4 of the group of the present inventors. This patent appli- 
cation teaches hydrogels comprising hydrolytically labile spacers between different polymer chains. The hydrolytically 
labile spacers described therein can be suitably used in the present invention and are incorporated herein by reference. 
[0029] Another example to control the degradability is the coencapsulation of an enzyme or chemical substance 
20 capable of breaking bonds in the crosslinked polymer. In a preferred embodiment of the process of the present invention 
the crosslinkable polymer is a dextran polymer. In this embodiment a dextranase can be added to the aqueous two- 
phase system before the crossiinking step or added afterwards. 

[0030] The dextran polymer can suitably be used in the process of the present invention together with a polyethylene 
glycol or Pluronic®, which is a preferred polymer to be used in the inventive process. 

25 [0031] The product aimed at by the process of the present invention can be separated from the other polymer phase 

using conventional techniques, for instance centrifugation and decantation. 

[0032] In a first step of the process of the present invention an aqueous two-phase system is formed. This two-phase 
system comprises water, and at least two water soluble polymers, which polymers are incompatible in solution. Pref- 
erably a compound to be released is also present, although it is possible to add the compound to be released after the 
30 crosslinking step. At least one of the polymers present in the aqueous phase is crosslinkable, and the crosslinkable 
polymer phase is emulsified in the other aqueous polymer phase. 

[0033] The polymers used can be chosen dependent on the nature of the compound to be released. It is preferred 
that the compound to be released will have a clear preference for the crosslinkable polymer phase. In that case, the 
highest possible degree of loading, theoretically up to the saturation concentration, in the microspheres to be made, 
35 can be obtained. 

[0034] It is not critical which crosslinkable polymer is used. However, if the controlled release system comprising the 
polymer in crosslinked form is intended to be brought into a human or animal body, the polymer should be pharma- 
ceutically acceptable and preferably should be degradable. Suitable crosslinkable water soluble polymers are dextrans 
and derivatized dextrans, starches and starch derivatives, cellulose derivatives such as hydroxyethyl and hydroxypropyl 
40 cellulose, polyvinylpyrrolidone, proteins and derivatized proteins, and so on. The molecular weigth of the crosslinkable 
polymers used normally lies between 1 ,000 and 1 ,000,000 Da. It is noted that with a higher molecular weight of the 
polymer, a better phase separation is generally obtained in the aqueous solution used in the process of the invention. 
[0035] The person skilled in the art will have the knowledge to choose the crosslinkable polymer and the crosslinking 
conditions required for the emulsion prepared. For instance, dextans can be crosslinked with methylacrylate or meth- 
45 acrylate groups. Another example is a system comprising PVP as the external phase and dextran as the emulsified 
phase, wherein the dextran is crosslinked through the presence of isocyanates. 

[0036] Further, reference is made to crosslinking using radiation. Dex-GMA can e.g. be polymerized using small 
dosages of y-radiation, such as less than 0.1 Mrad. An advantage of this embodiment is that in one step sterile micro- 
particles can be obtained. Further, crosslinking by UV radiation and physical crosslinking using e.g. hydrophobic tails 
so coupled to a polymer are possible techniques. 

[0037] In a preferred embodiment, the crosslinkable polymer is a temperature sensitive polymer such as poly-N- 
isopropylacrylamide, which polymer can, e.g., be present as a graft on another polymer such as a dextran. Hydrogels 
of these polymers show increasing swelling behaviour at degreasing temperatures. This makes it possible that releas- 
able material can easily penetrate in the hydrogel after the crosslinking reaction. By subsequently raising the temper- 
55 ature, e.g. to a value of 37°C, the meshes in the hydrogel shrink, thereby capturing the releasable compound. 

[0038] The polymer which is present in the aqueous continuous phase can be any polymer which is incompatible 
with the crosslinkable polymer. Although this polymer may also be crosslinkable, but of course not under the reaction 
conditions used for the crosslinking of the discontinuous polymer phase, this is not preferred. Examples of suitable 
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polymers incompatible with the polymerto be crosslinked are polyethylene glycol) (PEG) and polyfvinyl alcohol) (PVA) 
celMwe derivatives) 6 9 d6XtranS ”* d6Xtra " derivatives ’ starches a " d -torch derivatives. PVP. and water solubli 

[0039] The release of the releasable compound depends on a number of variables, which can be used to tailor the 

modZn m S,red ' ° ne ° f th6Se VariabteS iS ,he Si2e 0f the "^spheres. The size can be adjust^ caref^ 
modifying the process circumstances and formulation parameters in the emulsifying step. For instance the water con- 

« presence of hydrophobic groups on any one o, me powers ormixrnres o. polynrere osa?C vSoTof 
the continuous and discontinuous phase, and the electrical charge on the at least two polymers used are examples of 

?'*Z a T: T 6 5126 ° f ,he 1 micros P heres or microparticles to be produced. In addition emulsifiers can be added 
Suitable emulsifiers are copolymers, preferably block-copolymers, of units of the two incompatible polymers e g a 
block-copolymer of PEG and dextran, used to create the two-phase system. P°iymers, e.g. a 

JJJfJ] T ° fUrthSr 9uarantee a controlled release, the crosslinked polymer should preferably be degradable 
["J 1 ! J® sa ' d here, n-above, it is important that the two water soluble polymers are incompatible with one another 
so that a two phase system is obtained after the two polymers have been added to each other in an aqueous solution’ 
Whether or not a two phase system will be obtained depends not only on the nature of the two polymers involved but 

Under WhiCh they are added - FaCt0rs that are relevant ,n this re 9 ard are the molecular weight 
r ' r c °" centratl0ns in ,he agueous solution, the temperature at which they are added to one another 

and so forth . It 'spartofthe standard skills of the artisan to determine a phase diagram for any combination of polymers 
that can be used, and thus to choose suitable conditions for obtaining a phase separation 

[0° 4 2] In the attached fig. 9 a phase diagram of a water/PEG/dextran ternary system is shown as example When 
the starting-composition is below the binodal (-), a one phase system is present, whereas above the binodal two 
coexisting phases are formed: one enriched in polymer 1 (composition x,) and the other enriched in polymer 2 (com- 

T Y X ’ ? 2 are C °" nected via a tie - |ine < )• AI1 s y s ‘e™ prepared using starting-compositions on the 

same tie-line separate into phases of constant composition. For a given starting-composition, the volume ratio of the 
coexisting phases x 1 /x 2 equals yg/y-j. 

Lnot? .if indiCatSd here in-above, the r0 leasable compound can be a protein drug. However, it is also possible to 

ZZ:T*TTT n T' n9 nanopartlcles or microparticles, eg. liposomes and iscoms. The encapsulation of 
type of particles has the advantage of preventing the occurence of a too fast release of the encapsulated compound 
or, said in other words, burst-effects can be avoided in a more secure way. P 

[004 4 ] The partition of the compound to be released is primarily determined by the nature of the polymers present 
Ldjllsting^pH P 6 SyStGm Th ' S Partiti ° n ° an 66 inf,uenced ’ e '9' by addi "S salt to the aqueous system, or by 

fh 0 . 4 .!/ '! the rel ® a * able impounds, such as proteins, are present during the crosslinking step, care should be taken 

that the integrity of the releasable compounds is secured. It should for instance be avoided that proteinaceous material 
is oxidized by initiator systems etc. In this light, it is noted that adverse effects can be avoided or minimalized by 
minimalemg the amount of initiator, reducing the polymerization time or adding suitable antioxidantia, such as a-toco- 

h°™ J he ? eParati ° n ° f thS cross,inked structures enclosing the releasable compound from the other phase can 
Cam ® d 0bt any conventional way. Preferably, the separation is effected by filtration or centrifugation The 
crosslinked structures can subsequently be washed with water and dried. The drying step determines thafa pharma- 

d^Tn^men^ri^ 3616 obtained ' havin 9 a maintenance term of more than 2 years. A very preferred 

dry '" 9 mathod ,s s Pray-dry.ng, although the drying can also be suitably carried out using lyophilization 

SmJiTfi 01 the T Sent in r nti0n Wi " n0W be further illustrated by the preparation of dextran microspheres 
using the water-in -water emulsion technique, and by the following, non-limiting examples. 

Example 1 V 

, Payton® glycols (PEG) with varying molecular weights were obtained from Merck-Schuchardt, Germany, 
metbacryiate derivatized dextrans (dex-GMA) with varying DS (degree of substitution; the number of meth- 
a J' a * e ^ r ° UpS Pyran ° Se residues) were synthesized by a coupling reaction of dextran T40 and glycidyl 

Scribed hi J l ' methylSU,f0X ' de) using DMAP (N.N-dimethylaminopyridine) as a catalyst, essentially i de- 

scribed by Van Dijk-Wolthuis et al. in Macromolecules 28, ( 1995 ) 6317-6322. 

DeX ’.K E 1 G was , ® ynthesi2ed as follows. mP EG (monomethoxypolyethylene glycol, M 5000 g/mmol, 5 g, cor- 
respondmg WIth j mmol hydroxyl groups) and CDI (carbonyldiimidazole, 1 62 mg, 1 mmol) were dissolved in 1 00 ml of 

silvern 3 h V °i Uran S °' U,i0n WaS Stirr6d ovem '9 ht at room temperature, followed by the evaporation of the 
T40 ,i 7 m h nMAD P /n« Ure x NeXt ' th ® Cl < carbon V li midazole) activated mPEG was added to a solution of dextran 
' 9 and DMAP (° 35 9) ln 50 ml DMSO. This solution was stirred for one week at room temperature After 
eutralization of DMAP with HCI. the solution was extensively dialyzed against water and subsequently freeze dried. 
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The product was characterized by ge. pe-eation SETlJ 

4 Dex-lactate-HEMA (DS 3) was synthesized as descnbed in the copena.ng tu 

U) D«.G«A v/bb Jn 0*j M Ka .e a . <££££ *Moo were r«xed and 

nitrogen for 10 minutes. Next, 4.75 ml of the PEG soh^o ' a water . in . wat er emulsion with dextranasthe 

vortexed (Winn Vortex-Genie, maximum S P®® minutes TEMED ((N N N' N'-tetramethylethylenediamine, 100 pi, 

inner phase and PEG as the outer phase^ Afte ;J n ^ Jeroxydisulfate, 180 pi, 50 

20% (v/v) in 0.22 M KCI. pH adjusted with concentrated I HO to 7^2) and KP^p H merjze the d ex-GMA. The 

mg/mi in water) were added. The emulsion was incubated lor 30 minutes ° p 

microspheres were washed twice with water and jj"®® 2 ® " cvtotoxjcjtv D f dex-GMA is low in similar to the cytotoxicity 

- - 

ences vol.2, Academic Press. London 1967, 95-1 74) and particle sae dismout^ ^ USA) . The shape and surface 
blocking technique (Accusizerf™ model 770, P ^' P ' e ®‘ Z '"J sh V ed b scanning electron microscopy (SEM) analysis, 
characteristics (porosity) ot the microspheres distribution of a dextran microsphere batch prepared 

GMA substitution and the molecular weight o IHsshownthatt he particle size increases with decreasing molecular 

stjee , rr rss s=r - — — - ~ 

X " 9 s? s xssstzz 



Example 2 

- H«l The — r ~ ^3“ 

Example 1 . A solution of dex-GMA (DS 4,7,13 or 30, 1 000 rom depending on the viscosity of 

molecular weight; 24%) in 0.22 M KCI, Next^TEMED ((N.N.N'.N-tetramethylethylenediamine, 1.0 ml, 

the PEG phase) for 5 minutes under a ni jog . ’ . d KPS (potassium peroxydisutfate, 1 .8 ml, 50 

- 

Example 3 

„ (OOM] sphere* were prepared .roe, ,he .o.owisg — « P™— 1 “ U, E»e,p.. 1 and 

using the following stock solutions: 

[0059] Stock solutions (% in w/w) in 0.22 M KCI. 

A. PEG 10.000, 24% 
so B. PEG 20.000, 24% 

C. Dex-GMA (DS 13) 20% 

D. Dex-lactHEMA (DS 3) 20% 

E. Dex-lactHEMA (DS 3) 10% 

F. Dex-PEG 20% 
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Table 1 



summarizes the results: 


PEG 


dex 


emulsifier 


number weight diameter (pm) 


volume weight diameter (pm) 


4.50 ml A 


0.25 ml C 


0.25 ml F 


3.3 


7.2 


4.75 ml A 


0.25 ml C 


no 


4.4 


11.5 


4.75 ml B 


0.25 ml D 


no 


6.3 


17.0 


4.75 ml B 


0.25 ml E 


no 


5.3 


16.0 



[0060] As can be seen, a suitable emulsifier (block-copolymer of dextran and PEG) gives smaller particles with a 
smaller dispersity (= weight mean diameter/number mean diameter). 

Example 4 

[0061] The release of a model protein from non-degrading dextran microspheres and degradable microspheres was 
evaluated. The microspheres were rendered degradable by the incorporation of dextranase in dex-GMA microspheres. 
[0062] Dex-GMA (DS 8) was dissolved in 1 0 mM phosphate buffer pH 8.0. To 2 ml of this solution a fixed amount of 
IgG (Immunoglobuline G, 25.6 mg) and a variable amount of dextranase (Sigma D1508; 0, 0.1 and 1 U (1 U releases 
1 pmol reducing oligosaccharides per minute at 37°C and pH 6.0)) dextranase were added. This solution was emulsified 
in an aqueous solution of PEG (M 10.000, concentration 24% (w/w)) in 0.22 M KCI. Thereafter, TEMED (N.N.N'.N 1 - 
tetramethylethylenediamine, 100 pi, 20% (v/v) in 0.22 M KCL pH adjusted with concentrated HCI to 7.2) and KPS 
(potassium peroxydisulfate, 180 pi, 50 mg/ml in water) were added. The microspheres were washed with water and 
dried under a nitrogen flow. 

[0063] An accurately weighed amount (0. 3-0.5 g) of microspheres was suspended in 10 ml phosphate buffer pH 5.5 
and the amount of protein released in the buffer was determined using the biorad protein assay (M. Bradford. Anal. 
Biochem. 72 (1976) 248-254). Figure 7 shows the release profiles. From this figure it is clear that the release of IgG 
from dextran microspheres can be modulated by dextranase. 

Example 5 



[0064] The release of a model protein (IgG) from degrading dextran microspheres was evaluated. Degradation was 
established by co-entrapment of dextranase in the microparticles. 

[0065] Glycidyl methacrylate derivatized dextran (Ds=8: 138 mg) was dissolved in 612 pi buffer (10 mM phosphate, 
220 mM KCI, pH 8.0). Thereafter, 250 pi of an aqueous solution of IgG (50 mg/ml) and 250 pi of an aqueous solution 
of dextranase (variable concentration) were added. IgG and Dextranase were dissolved in the same buffer (10 mM 
phosphate, 220 mM KCI, pH 8.0). Next, 500 pi of the dexMA. IgG. Dextanase solution w as added to 5 ml of an aqueous 
solution of PEG (molecular weight 10.000 g/mol : concentration 17.5, 24 or 30% w/w) in the same buffer. These phase 
separated systems were vortexed for 1 minute, followed by the addition of 180 pi potassium peroxodisulphate (50 mg/ 
ml; dissolved in phosphate buffer) and TEMED (N.N.N\N"-tctramethylethylenediamine, 20% v/v, pH adjusted to 8.0 
with HCI). Next, the samples were incubated for 30 minutes at 37°C to polymerize the DexMA. The particles were 
collected by centrifugation and washed with water. The particles were resuspended in buffer (5 mM NH 4 Ac, pH 5.5) 
and incubated at 37°C. Periodically, samples were withdrawn and analyzed for their protein content (Biorad assay). 
Figure 8 shows the release profiles. It cen be seen that in the absence of dextranase the cumulative release was less 
than 10%, indicating that the hydrodynamic diameter of protein was larger than the hydrogel mesh size. Further, the 
release rate increases with increasing amount of dextranase in the particles. An increasing amount of dextranase in 
the particles resulted in an increasing degradation rate. This means that the release of entrapped proteins form dextran 
particles can be modulated by the degradation rate of the hydrogel matrix. Degradation can be established by addition 
of an enzyme (dextranase) or by the introduction of hydrolytically labile spacers (e.g. lactate esters) in the crosslinks. 

Comparative Example 

[0066] 5 grams of dextran in which the dextran chains are derivated with acryl groups, having a M w of 40,000, was 

dissolved in 45 ml of water. A second solution was prepared, which solution comprised 7 g of polyethylene glycol having 
a M w of 6,000 in 45 ml water. 

[0067] At room temperature, the first solution was added to the second solution while stirring. The result was a one 
phase system, from which no microspheres could be formed. This example illustrates the need to choose the molecular 
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weights and concentrations of the starting materials in such a way that a two-phase system is obtained. 



Claims 

5 

1 p roC ess for the preparation of a controlled release system, comprising: 
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(a) providing: 

(aa) a first water-soluble polymer, said first polymer comprising crosslinkable groups, and incorporating 
bonds which are hydrolysable under physiological conditions; . 

(bb) a second water-soluble polymer, being incompatible with the first polymer in an aqueous solution , a 

(cc) a releasable proteinaceous material; 

(b) forming an aqueous two-phase system comprising a dispersed phase which compnses the first polymer, 
and a continuous phase which comprises the second polymer, 

(c) allowing the releasable proteinaceous material to dissolve in or diffuse into the dispersed phase; 

d crossing the first polymer to obtain microspheres, at least BO wt.% thereof having a particle size of 
between 1 00 nanometer and 1 00 pm, wherein step (c) can be carried out before or after step (d). 



2. The process of claim 1 , wherein the crosslinking is carried out to such a degree that the pores in the crosslinked 
structure are substantially smaller than the size of the releasable proteinaceous compound. 

3 The process of claim 1 or claim 2, wherein before or after the crosslinking step an enzyme capable of degrading 
the crosslinked structure formed or to be formed is added to the aqueous two-phase system. 

4. The process of any one of the preceding claims, wherein the crosslinkable polymer is a dextran polymer 

5. The process of claim 4, wherein before or after the crosslinking step dextranase is added to the aqueous two- 

phase system. *■ 

6. The process of any one of the preceding claims, wherein one of the water soluble polymers is polyethylene glycol. 

7. The process of any one of the preceding claims, wherein the crosslinked structures are separated from the other 
polymer phase. 
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